A case of fatal thrombosis of Starr-Edwards mitral valve prosthesis associated with bacterial endocarditis is presented. The role of inadequate anticoagulation and bacterial endocarditis in the formation of massive thrombus on the valve prosthesis is discussed. The detection of disappearance of a dLstinct click sound in a patient with a previously functioning Starr-Edwards mitral valve prosthesis should arouse immediate suspicion of massive thrombosis of the prosthesis. The latter should constitute a surgical emergency as fatal outcome inevitably ensues unless the thrombosed prosthesis is replaced.
T h e Starr-Edwards heart valve prosthesis for the total mplacement of the diseased mitral valve was first used clinically in September of 1960.' Since then these ball-valve prostheses have been widely used, permitting improvement of patients with mitral valve disease. Infection, leak and thromboembolisrn have been re~orted and continue to be the major causes of concern to the cardiac surgeon and ca;diologist. Various measures to improve the design of and thus reduce the incidence of these complications have been but have only met partial success.
Acute thrombosis of the left atrium and the prosthetic valve in the early postoperative period-is a rare but fatal complication of mitral valve prosthetic replacement; eight cases were reported by Roberts and Morrow7 and one by Bailey and assoc i a t e~.~ Late massive thrombus formation on the mitral valve prosthesis has been equally infrequent. Among the eleven cases reported in the litera- 
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Service, VA Hospital, New York ture9-l4 all but one12 had a fatal outcome. We now report one case of fatal massive thrombosis, seven months after implantation of the prosthetic StarrEdwards mitral valve. This was initiated by staphylococcal endocarditis and progressed in spite of adequate antibiotic therapy.
A 47-year-old man was admitted to the Brooklyn Veterans Administration Hospital on August 16, 1967 , for exertional dyspnea and intermittent chest pain unrelated to exertion. At the age of 23, he had his first attack of rheumatic fever with recurrences at the ages of 25, 30 and 39 years. H i s dyspnea began 18 months before admission. Examination of the heart revealed a loud first sound, a distinct opening snap and a long mid-diastolic rumble with presystolic accentuation. X-rays of the chest showed "mitral" configuration and left atrial enlargement. Electrocardiogram showed a mean frontal axis of +3S0, a vertical electrical position and left atrial enlargment. Master's *step test was negative. Phonocardiogram showed a delayed and loud first sound occurring 0.10 second after the Q wave, an opening snap occurring 0.09 second after the aortic closure sound, and a long mid-diastolic murmur with, presystolic accentuation.
Cardiac catheterization performed on September 15, 1967, showed mild pulmonary hypertension (47/28), a mean left atrial pressure of 22 rnm Hg and a mean diastolic gradient of 12 mm Hg across the mitral valve. The mitral valve area was calculated to be 0.7 cm2lM2. There was neither mitral nor aortic regurgitation demonshated on selective cineangiocardiography. Selective coronary dnearteriography revealed normal m n a r y arteries.
At operation, which was done at the Manhattan Veterans Administration Hospital on lhxmber 7, 1987, using total cardiopulmonary bypass, the mitral valve was found to be moderately stenotic with calcification along the posterior comrnissure. An attempt to perform an open m i d commissumtomy failed, because several chordae tendinae were torn in the middle of the major leaflet. The valve was, therefore, excised along with the papillary muscles and a 2M StarrEdwards prosthesis with totally cloth-covered ring was sewn into place with 25 No. 1 Dacron sutures.
His postoperative course was completely uneventful. Oxacillin (Prostaphlin) which was started three days before operation at a daily dose of 2 gm every four hours with streptomycin 1 gm a day was continued for three weeks after operation at a daily dose of 2 gm wery six hours. He was discharged on the twenty-first postoperative day on digoxin 0.25 mg twice a day and warfarin (Coumadin) 5 mg a day. He maintained a regular sinus rhythm throughout the early and late postoperative period save for one brief episode of atrial fibrillation which occurred one month after operation but was readily reverted to normal sinus rhythm after four days of increased doses of digoxin. The patient remained asymptomatic after operation. His postoperative phonocardiograrn showed the Q-closing click interval to have decreased to 0.075 second as compared to the preoperative Q-first sound interval of 0.10 second, and the A2-opening click interval to have increased to 0.11 second compared to the preoperative A2-opening snap interval of 0.09 second.
Six months after the operation the patient was readmitted to the Brooklyn Veterans Administration Hospital because of chills, fever, sweating, pain in left wrist and tenderness over mid-phalanx of left index finger for past two weeks. On admission he was found to have atrial fibrillation with a moderately rapid ventricular rate. No petechiae were noted.
Opening and closing clicks of the Starr-Edwards mitral prosthesis were well heard. White blood cell count was 13,00O/mm3 with a normal differential pattern. Hernoglobin was 13.4 gm/100 ml. Urinalysis showed 3 to 5 red blood cells per high power field. All six blood cultures yielded Staphy~coccus epidermis. On admission the patient was started immediately on 20 million units of intravenous penicillin daily and 1 gm of streptomycin daily intramuscularly. He continued to have intermittent low grade fever up to 10leF for two weeks after which he remained afebrile and repeated blood cultures became negative. The combined antibiotic therapy was discontinued after a course of two weeks and the patient was discharged one week later on the same maintenance doses of digoxin and warfarin (Coumadin).
His final admission was six days later, because of recurrent chills, fwer and sweating. The patient appeared seriously ill; his temperature was 103' F. Heart rhythm was atrial fibrillation. Opening and closing click sounds of the functioning mitral ball valve prosthesis were audible. X-rays of the chest showed slight increase in heart size and patchy infiltration at both bases. White blood cell count was 32,00O/mm3 with a marked shift to left. Urinalysis showed 5 to 6 white blood cells and 3 to 4 granular cask per each high power field. The patient was initially treated with 40 million units of penicillin intravenously and 2 gm of streptomycin intramuscularly daily for five days, then with methicillin (Staphcinin) 4 gm daily intravenously for three days and finally with cephalothin (Ke9in) 12 gm a day intravenously. None of the blood cultures taken on the last admission were positive. He continued to have temperature elevations between 103' and 104.S°F. On the eighth day after admission two episodes of acute pulmcmary edema developed. X-rays of the chest showed conbent, soft opacities throughout both lung fields. The closing click of the Starr-Edwards mitral prosthesis which had been present since admission could not be heard. All m e m e s to treat pulmonary edema were of no avail and the patient died the next day, 22 hours after the development of acute pulmonary edema and 20 hours after the disappearance of the closing click of the Starr-Edwards mitral valve prosthesis.
At autopsy the left atrium was markedly dilated. An extensive thrombus covered the entire atrial surface of the Starr-Edwards mitral prosthesis (Fig 1) and extended partially along the endocardial surface of the left atrium. The thrombotic material also extended distally to encase the ventricular aspect of the base of the mitral prosthesis. Both the metallic struts of the cage and the silastic ball were free of any thrombotic material (Fig 2) . The ball moved freely within the cage. There was generalized endocardial thickening of the left ventricle sparing the apex. For the most part the thrombotic material appeared to have been present for a considerable period of time in that it was firm and adherent to the metallic base of the prosthesis, although fresh and recently fonned fibrin clots were scattered on the atrial side thetic click. The thrombosed prosthesis was successfully replaced and his patient had an uneventful recovery. The closing click of the mitral ball valve prosthesis was not heard in ow patient when he was acutely ill with hypotension, tachycardia and acute pulmonary edema. However, the significance of this finding was not appreciated at that time, and the inability to hear the click was attributed to the low cardiac output of the ~a t i e n t .~ Although the thrombus finally obstructed the emptying of the blood from the left atrium into the ventricle, the movement of the silastic ball was entirely free. The extensive thrombus involved the entire base of the mitral prosthesis but the metallic struts of the cage and the ball were completely free of clots. Although gram-positive cocci in clumps were found on microscopic examination of the proliferating clot material at its base, blood cultures during the last admission and cultures of left ventricular blood at autopsy were both sterile. Thus, in spite of successful control of the infection in our patient with adequate antibiotic therapy, thrombosis of the prosthesis progressed until complete obstruction of the mitral orifice proved fatal.
The cause of massive clot formation on prosthetic mitral valve is unknown, although a number of mechanisms may contribute to its development in our patient. From the anatomic and hydraulic points of view, all mitral ball valve prostheses impose slight but definite obstruction to blood flow and contribute to stagnation of blood in the left atrium. Thrombosis once initiated, stasis could help to propagate growth of the clot and be responsible for additional obstruction and further reduction in cardiac output. The vicious cycle repeats itself until complete thrombosis obstructs the valve. The Qclosing click interval in o w patient's postoperative phonocardiogram decreased as compared to the preoperative Q-S1 interval but remained slightly prolonged as compared to normal. This suggests that there was a small residual diastolic gradient across the Starr-Edwards mitral prosthesis.
Other investigators16-l8 have emphasized the possibility of the caged ball mitral prosthesis interfering not only with the filling of the left ventricle but also its emptying, because of outflow obstruction by the prosthesis. Although there was generalized endocardia1 thickening of the left ventricle noted in our patient, its cavity was certainly ample to accommodate a 2M Starr-Edwards mitral prosthesis and there was no clot on the ventricular surface of the prosthesis.
Atrial thrombosis is favored by the occurrence of atrial fibrillation, especially in cases of rheumatic heart disease and notably in mitral stenosis. 19 Replacement of the stenotic mitral valve by a functionally less obstructive prosthesis will not entirely obviate the risk of atrial thrombosis if atrial fibrillation persists. DuvoisinZO and Yeh21 and their associates found the incidence of embolism during atrial fibrillation to be 1.5 and 1.7 times, respectively, that during sinus rhythm following Starr-Edwards mitral prosthetic replacement. Although our patient had a normal sinus rhythm for six months after operation, save for one brief period of paroxysmal atrial fibrillation lasting for no more than four days, he was found to have atrial fibrillation only five weeks before death. Whether atrial fibrillation could have gone unnoticed before he developed fever or whether it was brought on by the infection and fever is unknown, but in any case it made atrial thrombosis more certain.
Residual calcium may also have contributed to the origin of the fatal thrombus.12J4 Some of the calcified valve material was not removed at the time of operation, and postmortem x-rays of the heart (Fig  3) revealed calcium deposits on the atrial side of the Starr-Edwards mitral prosthesis. It may be that they provided the nidus for accelerated clot formation.
Massive clot formation has been attributed to inadequate antic~agulation.~.~~ In our patient most of the anticoagulant levels during the postoperative period of seven months preceding death (Table 1) would not be considered adequate. However, the precise role of anticoagulants in preventing the thrombus formation remains questionable. Murphy and his co-worker~~~ noted that the doses of bishydroxycoumarin (Dicurnarol) sdcient to prolong the prothrombin time from 1 to 1% times normal resulted in an actual increase rather than decrease in the amount of thrombus formed, and that decrease in thrombosis was not significant unless the prothrombin time was greated than three times normal. It was recently reported by Sullivan and his associates2s that thrombus formed on a well-designed valve cage is composed largely of aggregated platelets through mechanisms independent of blood coagulation and that anticoagulants whose action is directed primarily at plasma clotting factors might therefore be expected to have little effect on platelet thrombosis. These observations may explain the frequency of thromboembolic complications after prosthetic valve replacement in series reporting diGculties in maintaining prothrombin time in the appropriate range24.26 as well as the failure of anticoagulation to eliminate thromboembolism entirely despite the most careful c o n t r~l .~~, *~
The most probable origin of the massive clot formation in our patient is bacterial endocarditis. There is ample evidence that thrombus formation in and around the prosthetic valve may occur more commonly with infection of the prosthetic valve or adjacent material. In the experimental study by Blundell and M~G o o n~~ seven of the 21) calves which had aortic valve replacement of the StarrEdwards type developed thrombosis in and around the prosthetic material. Two of the seven animals had associated infection and in one of them massive thrombus formation resulted in aortic stenosis and insufficiency. Clinical and pathologic evidence of fatal clotting of Starr-Edwards prosthetic rnitral valve associated with bacterial endocarditis was reported by Roberts and Morrow,10 Colvin18 and Windsor14 and their associates in six patients all of whom developed staphylococcal endocarditis following replacement of their mitral valves with StarrEdwards prostheses. Whereas three of their patients were infected with coagulase-positive Staph. aureus, blood cultures in the other three grew coagulase-negative Staph. albus. The organism in our case was coagulase-negative staph. epidermis. Infection at the site of a prosthetic cardiac valve is almost always fatal and death from endocarditis at the site of intracardiac prosthesis is usually related to detachment of, or leak around, the valve with resulting severe congestive heart f a i l~r e . l~.~~.~@ That infection may initiate another sequence of events which can lead to ultimate fatal outcome by providing a nidus for progressive thrombus formation certainly deserves serious considerations in the postoperative management of patients undergoing prosthetic replacement of their heart valves. Replacement of an infected prosthesis with or without thrombus formation is a practical p r q~e d u r e .~~ Unfortunately the future still holds hazards for the patient whose cardiac valve is replaced by a prosthetic device. The risks of thromboembolism and infection will continue to cloud the prognosis of these patients. Until a completely nonthrombogenic cardiac valve prosthesis is available for clinical use, and since presently available antibiotics are rarely effective in eradicating infection at the site of a prosthetic cardiac valve,4 constant vigilance must be exerted at all times not only to prevent these serious complications from occurring but to treat them aggressively as soon as they are recognized. Prompt recognition of a thrombosed valve prosthesis whether or not associated with infection is essential, if successful surgical outcome is to be insured. Since disappearance of a clicking sound in a previously functioning ball valve prosthesis was noted in both Spencer's and our patient, it is suggested that this sign be sought after daily if massive thrombosis of the prosthesis is suspected in any patient.
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